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ABSTRACT 
THE CULTURE OF BEE FORAGE CROPS 
MAY 1997 
ZHILIANG PAN, B A., JIANGSU AGRICULTURAL COLLEGE 
M S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Stephen J. Herbert 
Reductions in agricultural land and changes in agricultural practices, have led to 
decreases in nectar-producing bee forages. Due to shortages of bee forage, beekeepers in 
New England rarely can maintain more than 6-8 hives in one location. Eight honey plant 
species, most considered herbs, were evaluated for their ability to provide a season-long 
supply of nectar and pollen. Of them, two promising species, anise hyssop (Agastache 
foeniculum) and catnip (Nepeta cataria), were grown in three row width and three density 
combinations. Of the eight bee forage crops planted in 1994, wood figwort (scrophularia 
nodosa) commenced flowering earliest in early June and continued to flower for several 
weeks. Other species started flowering at different dates and had variable flower 
durations. Wood figwort, mountain mint, anise hyssop, and catnip all were heavily 
worked by honey bees and showed potential for developing an overlapping summer long 
fix-land nectar production system. The best planting arrangement for catnip was the 
v 
combination of row spacing 90 cm with in-row spacing 90 cm, in which catnip produced 
the greatest flower number, about 140,000 flowers/m2 and biomass, 830 g/m2 dry matter 
For anise hyssop, the recommended planting spacing was the combination of 50 cm row 
spacing with 37.5 cm in-row spacing with about 400,000 flowers/m2 and 39 visiting 
bees/m2. Visiting bees to all anise hyssop spacing treatments were no significant 
differences, about 36 bees in a square meter area, greater than that of catnip, 21 bees in a 
square meter area during the peak flowering period. Catnip flowers contained more sugar 
than anise hyssop flowers, about 300 ug/flower for catnip open flowers and 166 ug/flower 
for anise hyssop open flowers. But anise hyssop produced higher honey than catnip in the 
unit area, about 1,500-2,500 kg/ha for anise hyssop and 1,000-1,500 kg/ha for catnip. 
vi 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGMENTS. iv 
ABSTRACT.v 
LIST OF TABLES . ix 
LIST OF IGURES.x 
CHAPTER 
l. INTRODUCTION AND LITERATURE REVIEW.1 
A. Introduction.1 
B. Literature Review.5 
II. MATERIALS AND METHODS.8 
A. Materials.8 
B. Methods .9 
1. Flowering Patterns of Honey Plant Species.9 
2. Effects of Plant Spacing on Anise Hyssop 
and Catnip Development.10 
a. Experiment Design .10 
b. Measurement of Leaf C overage 
and Light Interception.10 
c. Visiting-Bee Counting.11 
d. Field Data Collection.11 
e. Statistical Analysis.12 
3. Sugar Content of Anise Hyssop and Catnip Flower .12 
m. RESULTS AND DISCUSSION .13 
A. Flowering Patterns of Honey Plant Species.13 
B. Effects of Plant Spacing on Anise Hyssop and Catnip Development .18 
1. Leaf Coverage and Light Interception.18 
vii 
a. Anise Hyssop .18 
b. Catnip .21 
2. Plant Size and Biomass.31 
a. Anise Hyssop .31 
b. Catnip.32 
3. Inflorescence and Flower Number.41 
a. Anise Hyssop .41 
b. Catnip.43 
4. Number of Visiting Bees.54 
a. Anise Hyssop .54 
b. Catnip.56 
C. Sugar Content of Anise Hyssop and Catnip Flower.62 
IV. CONCLUSION .66 
BIBLIOGRAPHY.68 
vm 
LIST OF FIGURES 
Figure Page 
1 Flowering durations of eight honey plant species .16 
2 Flowering durations of anise hyssop and catnip .17 
3 Anise hyssop canopy closure at early flowering time.24 
4 Anise hyssop canopy closure at early peak flowering time .25 
5 Catnip canopy closure at early flowering time.28 
6 Catnip canopy closure at peak flowering time.29 
7 Anise hyssop plant size at peak flowering in 
three row spacing by 25 cm in-row spacing .34 
8 Anise hyssop above ground plant dry weight .36 
9 Anise hyssop dry weight per square meter .37 
10 Catnip plant size at peak flowering in three 
row spacing by 60 cm in-row spacing .38 
11 Catnip above ground plant dry weight .39 
12 Catnip dry weight per square meter .40 
13 Anise hyssop inflorescences in different plant positions.45 
14 The regression equation of anise hyssop flower 
number with inflorescence length.46 
15 Anise hyssop plant flower number .48 
16 Anise hyssop flower number per square meter .49 
17 The regression equation of catnip flower 
number with inflorescence dry weight.50 
18 Catnip plant flower number .52 
x 
19 Catnip flower number per square meter .53 
20 Visiting bees to anise hyssop and catnip during 
peak flowering period .59 
21 Bee visiting patterns of three row spacing treatments 
during anise hyssop peak flowering period.60 
22 Standard curve of sugar concentration with light absorption.64 
23 Anise hyssop and catnip flower sugar content.65 
xi 
CHAPTER I 
INTRODUCTION AND LITERATURE REVIEW 
A. Introduction 
It has been estimated that one third of the total diet of the peoples in the developed 
countries is derived either directly or indirectly from insect-pollinated plants (Townsend, 
1974). Insect pollination is very important for crop production, but the wide application 
of pesticides and herbicides, and environmental changes have reduced the population of 
many pollinating insects insufficient for pollination of commercial plantings. Only honey 
bees are widely used as pollinators for large-scale crop growing (Crane, 1983). Honey 
bees are important in pollination of more than ninety commercial crops in the United 
States, and about one-third of the United States agriculture depends on or benefits from 
honey bee pollination. An estimated one million colonies are rented for pollination of 
crops in US annually. Growers of horticulture crops rely almost entirely upon honey bee 
colonies to meet their pollination needs (McGregor, 1980, 1978). The total value of crops 
resulting from honey bee pollination in 1980 was estimated to be about $20 billion (Levin, 
1984). 
However, beekeeping has been greatly affected by changes in agricultural practice. 
Reductions of agricultural land, particularly of pasturing in dairy industry, and other 
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changes in agricultural practices have contributed to a decline in the amount and quality of 
bee forage in the past decades. The extensive use of modern herbicides in row-crop 
monoculture has destroyed the nectar-bearing weeds which have been important sources 
of nectar and pollen for honey bees. The use of modern insecticides has made large areas 
of agricultural land unfit for bee forage because of serious pesticide related bee-kills 
(Ayers et al., 1992, 1986; Coleman, 1981; Mayer et al., 1982; Torchio, 1991). For 
example. Levin (1970) stated that some 500,000 colonies were killed or damaged in the 
United States in 1970 for these reasons. The effect of these losses on the adequacy of 
crop pollination was unknown. In addition, large tracts of land in various parts of North 
America have entered the stage of reforestation succession in which the herbaceous 
species are replaced by woody species resulting in the diminution of available bee forage 
and concomitant decline in potential honey production. Also the foregoing changes in the 
rural landscape and the destruction of some honey-bearing trees have decreased the 
available bee forage (Ayers, 1992; Coleman, 1981). For all these reasons, the number of 
honey bee colonies in the US dropped from 5.7 million in 1947 to 4.3 million in 1985 
(Ayers, 1992). The absence of honey bee pollinators during the summer has reduced the 
quality and quantity of vegetables and fruits (Cloeman, 1981). The annual cost in the 
USA of losses due to honey bee poisoning and reduced pollination has been estimated at 
$135 million (Pimentel et al., 1980). 
One of the chief barriers to the sustainability of beekeeping is the shortage of 
native nectar producing plant populations during early and mid summer months (Herbert 
et al., 1996; Bonney, 1991). The absence of sufficient bee forage is a major impediment in 
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maintaining large numbers of honey bee colonies in one location. This affects not only the 
beekeeping industry itself but also the production of fruits and vegetables which depend 
on honey bees for pollination. In New England, Massachusetts and Maine annually use 
about 15,000 to 18,000 honey bee hives brought into these states by migrating beekeepers 
to pollinate such crops as cranberries, apples, and blueberries. Growers of these crops 
could face a potential shortage of hives for pollination during the growing season if this 
migratory bee movement was stopped, since there is no significant quantity of full-season 
bee forage available to support local beekeeping operations. The best way to solve this 
problem is to establish a full-season long nectar and pollen supply system for honey bees 
(Herbert, 1995; Bonney, 1991). 
The culture of bee forage crops for honey bees, known as the fixed-land honey 
production, started in as early as 1870's in America. However, the concept of fixed-land 
honey production in America had not been widely adopted and was considered 
unprofitable and unfeasible by the beekeeping industry when there was an abundance of 
bee forage available. Since the amount of quality bee forage in the United States has been 
declining for several decades, it is the time to reconsider of planting forages for honey 
bees (Ayers, 1992). In recent years, research has showed that planting bee forage for 
"fixed-land honey production" is a viable concept for both maintaining increased number 
of honey bee colonies and yielding surplus honey (Ayers et al., 1992, 1987; Herbert et al., 
1996; Mayer et al., 1982). Other important reasons for planting bee forage for honey bees 
would be to reduce bee mortality, and to build up colony strength and provide a honey 
crop after providing crop pollination (Ayers et al., 1992, 1986, 1984). Beekeepers are 
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aware that the demand for locally based commercial pollination is likely to increase. 
Indeed, for some local beekeepers, production goals have already shifted significantly. 
Keeping bees for pollination has become a primary goal, with honey production becoming 
a secondary enterprise (Bonney, 1991). A reliable supply of attractive local forage, 
sufficient to sustain large numbers of high quality colonies is crucial to business survival. 
Only through the establishment of full-season forage plantings in significant quantities will 
year-round local beekeeping operations expand (Bonney, 1991). 
Investigation of the establishment of different species of honey plants, the planting 
patterns, the flowering durations, and attractiveness to honey bees will help determine the 
best cultural practices for bee forage crops. It would be very advantageous to develop an 
overlapping summer long nectar and pollen supply enabling the maintenance of a large 
number of honey bee hives in a fixed-land honey production system. 
The objectives of this project were: 
1. To evaluate a diverse number of honey plant species for a season-long nectar and 
pollen supply for honey bees. 
2. To determine suitable planting arrangements to maximize flower number and bee 
visitation to two promising nectar-producing herbs: anise hyssop (Agastache foeniculum) 
and catnip (Nepeta cataria). 
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B. Literature Review 
Simpson initiated the mass planting of figworts (Scrophularia marilandica) solely 
for honey production in 1870's; Hiram Chapman started a similar planting with globe 
thistles {Echinops spharrocephalus) in 1880's (Ayers, 1986). Miller (1882) established 
the fixed-land honey production by growing figwort as sources of nectar and pollen for 
honey bees and greatly increased honey production. Pellett (1940) initiated systematic 
research of bee forages such as Kura Clover (Trifolium ambiguum) and Anise Hyssop 
{Agastache foeniculum), and he called anise hyssop a "wonder honey plant". 
For the success of fix-land honey production, it is necessary to select plant species 
that are highly attractive to honey bees and bloom at an appropriate time and for a 
relatively long period. Selected species should have high honey production potential and 
produce high quality honey. Since few plants flower over an entire summer, several plant 
species will be required to provide the supply of nectar and pollen for extended periods of 
time. Anise hyssop (Agastache foeniculum), Chapman honey plant (Echinops 
sphaerocephalus), figworts (Scrophularia marilandica), and globe thistles {Echinops 
spharrocephalus) are commonly used as commercial nectar sources. Ayers et al. (1987) 
tested seventy-one honey plant species considered as potential bee forages for their 
attractiveness to bees, and identified fifteen species as the most attractive bee forages 
including mountain mint {Pyncnanihemum pilosum), wood figwort {Scrophularia 
nodosa), Chapman honey plant, anise hyssop, and catnip. Among these species, anise 
hyssop and catnip remained attractive over relatively long periods of time compared to 
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many other tested species. Because of their long period of attractiveness, anise hyssop 
and catnip might form the bases of many fixed-land honey production systems (Ayers et 
al., 1987). 
Anise hyssop (Agastache foeniculnm) has historically been bee forage. Ayers et al. 
(1987) confirmed that anise hyssop remained high attractive to bees over relatively long 
periods of time and might form the backbone of many fixed-land honey production 
systems. Terry (1872) proclaimed that an acre of well-established anise hyssop would 
provide ample pasturage for 100 colonies of bees in California. Pellett (1940) called anise 
hyssop a wonder honey plant and found that anise hyssop bloomed from early June to 
early November. Mayer et al. (1982) stated that an acre of mature anise hyssop would 
yield about 2500 to 3125 lbs. honey in Washington State. 
Fixed-land honey production still has some unanswered questions. Ayers et al. 
(1984) stated further research was needed in the management of bee forage crops to 
maximize the return from the fixed-land honey production. Herbert et al. (1996) 
suggested that the lack of cultural information in support of the use of arable land to grow 
bee forages was one reason why fixed-land planting of honey bee forage had not been 
widely adopted. Mayer et al. (1982) pointed out that fixed-land honey production 
required a beekeeper to become a farmer with the ability to establish and maintain the 
nectar producing crops as well as to maintain honey bee colonies. Selection of honey 
plants used as bee forages should be based on individual species ecological condition. 
Honey plants that have high honey producing potential typically have very small seeds and 
the establishment of these plants needs additional or special care. However, there is little 
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information available on the cultural practices of bee forage crops for beekeepers. Crane 
et al. (1984) edited the " Directory of Important World Honey Sources " and listed about 
five hundred honey plants, but did not include some species such as anise hyssop and 
catnip, because sufficient data was not available to justify their inclusion. Lord (1983) 
observed that cultivation of large plots of anise hyssop was difficult for the beekeepers 
because many cultural practices were unknown. Cultural practices for bee forage crops 
should maximize nectar and pollen supply for honey bees so that the fixed-land honey 
production system can achieve the best economic return. Ayers and Widrlechner (1994) 
listed several unsolved major problems, such as plant establishment, weed control, and 
flowering time. In the experiment of Mayer et al. (1982), anise hyssop plants were planted 
with a spacing of 46 cm within row and 107 cm between rows. At this planting spacing, 
canopy did not completely close. Herbert et al. (1996) reported that in weed uncontrolled 
plots, anise hyssop inflorescence number was only 8% of inflorescence number in the 
weed controlled plots. The main effects of weeds were to greatly diminish branch and 
plant size of anise hyssop plants. Similar effects of weeds were found with catnip (Herbert 
et al., 1996). 
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CHAPTER II 
MATERIALS AND METHODS 
A. Materials 
The experiments were conducted at the University of Massachusetts Research Farm 
in South Deerfield, Massachusetts during 1994 and 1995. The soil was a Hadley fine 
sandy loam (coarse, mixed, mesic Fluventic Dystrochrept), a common alluvial soil type in 
Connecticut River Valley. Eight honey plant species were studied for their flowering 
durations in 1994, including: 
Scientific Name Common Name 
Echinops ritro Blue globe thistle 
Echinops exaltata Globe thistle 
Echinops sphaerocephalus Chapman honey plant 
Agastache foeniculum Anise hyssop 
Nepeta cataria Catnip 
Pyncnanthemum pilosum Mountain mint 
Scrophularia nodosa Wood figwort 
Echinacea purpurea Purple cone flower 
During 1995, anise hyssop and catnip were further studied in detail in replicated 
field plots. 
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The seeds of eight species were bought from Richters, Canada's Herb Specialists 
(Goodwood, Ontario, Canada LOC 1 AO). Seeds were sown into the plastic bedding flats 
in the greenhouse in early March. By growing about three weeks after germination, the 
small seedlings were transplanted into plastic cell flats for growing about five weeks until 
well established. In early May, the well-started plants were transplanted into the field 
plots with different densities. 
Twelve honey bee hives were placed near the field plots during the two years field 
experiments. 
B. Methods 
1. Flowering Patterns of Honey Plant Species 
Experiment was initiated in 1994 to study flowering patterns of eight honey plant 
species. The seedlings of eight species were transplanted into the field plots in the spring 
of 1994. The plots were four feet wide by thirty feet long, and treatments were replicated 
once. The spacing between the plots was two feet wide. Fertilizer (Peters Professional 
20-20-20) was applied once at the time of transplanting to help plants adjust to 
transplanting shock. Weeds were controlled by hand-weeding until the plants became 
well-established in the field. In the spring of the second year, the new plants grew from 
the crown formed during the previous year. These plots of eight species were used for 
recording the dates of flowering and attractiveness to honey bees. A species was 
considered flowering only if open flowers existed on inflorescence with bee visitation. 
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2. Effects of Plant Spacing on Anise Hyssop and Catnip Development 
a. Experiment Design 
In the spring of 1995, anise hyssop and catnip plants were transplanted into field 
plots with different plant spacings after established in the greenhouse. The two 
experimental designs were factorial randomized complete block design with three 
replications. The plant spacing arrangements for anise hyssop were 25 cm, 50 cm, and 75 
cm between rows, and 12.5 cm, 25 cm, and 37.5 cm within rows. The plant spacing 
arrangements for catnip were 45 cm, 90 cm, and 135 cm between rows, and 30 cm, 60 
cm, and 90 cm within rows. The plot sizes varied from 1.83 x 3.35 meter to 2.44 x 6.71 
meter for anise hyssop, and 3.05 x 3.96 meter to 4.27 x 7.62 meter for catnip according to 
the spacing combination in order to maintain plant population in each plot. The walking 
space was 0.61 meter wide for anise hyssop plots, and 0.91 meter wide for catnip plots. 
Weeds were controlled by hand-weeding until the plants became well-established in the 
field. Fertilizer (Peters Professional 20-20-20) was applied once at the time of 
transplanting to help plants adjust to transplanting shock. 
b. Measurement of Leaf Coverage and Light Interception 
Leaf coverage and light interception of both anise hyssop and catnip was recorded 
during the growing season. The measurements of leaf coverage were made by averaging 
the uncovered space between rows and within rows at three different locations in each 
plot from later June to later August. The light interception was measured by using a light 
sensor one meter in length laid on the ground under the canopy at three different points: 
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near the stem, in the middle of the rows, and between the rows. The light interception 
measurements were taken only at noon on the clear sunny days. The light intercepted (LI) 
% by canopy was calculated through the following formula: 
LI (%) = 100% x ( 1 - light intensity under canopy / light intensity above canopy) 
c. Visiting-Bee Counting 
During peak flowering time of anise hyssop and catnip, the number of visiting bees 
was recorded in a certain area through a fixed frame. A fixed frame was made by using 
four bamboo sticks standing in the field with a string attached to all corners. A half 
square meter frame was used for anise hyssop, and a square meter frame for catnip 
because of catnip large plant size. The frames were frequently checked to keep correct 
area. Bee-counting was taken during the period one hour before noon and one hour after 
noon on sunny days, and completed as quickly as possible during the peak flowering 
periods. Visiting bees were to be counted with the assumption that the number of bees 
visited and left from counting area remains equal at any given time. 
d. Field Data Collection 
Near the end of the growing season, for both anise hyssop and catnip, biomass and 
total flower number were determined. For anise hyssop, ten plants were taken as a sample 
to estimate fresh weight and measure inflorescence length at the different position of the 
plant, then two of these plants, stems and inflorescence were oven-dried to enable the 
calculation of the dry weights for each plant. For catnip, five plants were sampled to 
determine fresh weight, and two of these plants were used as subsample to obtain fresh 
and dry weights of both stem and inflorescence for each plant. The flower numbers for all 
spacing treatments were estimated by using the regression equation of inflorescence length 
against flower number for anise hyssop, and of flower dry weight against flower number 
for catnip. 
e. Statistical Analysis 
All the data collected during the experiment were subjected to statistical analysis 
using the analysis of variance to determine the differences between the treatments at 5% 
level. 
3. Sugar Content of Anise Hyssop and Catnip Flower 
Sugar content of flower were determined during the peak flowering periods for 
anise hyssop and catnip. Samples of bud, full bud, begin flower, open flower, and 
senscent flower were taken from cheese cloth netted inflorescences around noon on sunny 
days. Each sample contained 5-10 buds or flowers replicated 3 to 6 times. The procedure 
for sugar determination followed the methods described by Roberts (1979) using shaking 
time of 110 minutes. A standard curve was determined using a mixture of sucrose, 
fructose, and glucose in a 5:3:2 proportion (Percival, 1962). Light absorption (OD) was 
measured using spectrophotometer PMQ II (Zieler Instrument Co. Inc.). Final results 
were the average of each measurement. 
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CHAPTER III 
RESULTS AND DISCUSSION 
A. Flowering Patterns of Honey Plant Species 
Eight honey plant species started flowering at different dates and lasted for varied 
periods in flowering patterns of honey plant species experiment in 1994 (Figure 1). 
Wood figwort was the first to flower starting in early June, and flowering lasted about 
three months. Catnip and blue globe thistle bloomed immediately after wood figwort, 
and lasted about three, and two and half months, respectively. All other species began 
flowering in July. Among them, only globe thistle and Chapman honey plant flowered 
about a month, mountain mint and purple cone flower bloomed about two months, but 
anise hyssop flowered over three months and lasted until early October, just as described 
by Pellett (1940). 
From the field observation, anise hyssop and catnip each flowered over three 
months. These two species were worked very heavily by honey bees during the flowering 
period. Mountain mint and wood figwort were also visited heavily by honey bees. These 
results were similar to those of Ayers (1987). Their long flowering periods and 
attractiveness to honey bees suggest these four species would be the most important 
nectar-producing forages for beekeepers to grow for honey bees. 1 he other species 
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would be less important for fixed-land honey production because of the short flowering 
duration and relative unattractiveness to honey bees. 
The flowering durations of anise hyssop and catnip were longer in the 1994 
experiment compared to that of the 1995 study (Figure 2). During the 1995 field 
experiment, catnip started flowering later in June and finished bloom later in September 
compared to 1994, but flowering continued about the same length of time in both years. 
However, for anise hyssop, flowering duration was shorter in 1995 than in the previous 
year. Flowering of anise hyssop started approximately the same time in both years, but 
finished earlier in 1995 than in 1994. Dry weather in mid to late August in 1995 probably 
contributed to the shorter flowering period of anise hyssop. Lord (1983) reported that 
anise hyssop appeared to be hardy to extreme heat, but did not report on how heat 
affected flowering duration. However, catnip had a bigger plant size, the vigorous leaves 
and branches covered the ground well and seemed to help reduce water evaporation from 
soil. Thus, it was not affected by the dry weather, and drought did not shorten its 
flowering period. 
In many areas of the United States, the lack of nectar and pollen sources suitable 
for honey bee foraging has made it difficult for beekeepers to maintain many honey bee 
colonies at one location. This had forced them to feed honey bees with sugar syrup once 
and twice before the winter to ensure their survival until spring (Coleman, 1981). In our 
experiment, three of eight species were in bloom in June; all eight species were in bloom in 
July and August; and five of these honey plants continued flowering until September. 
Moreover, anise hyssop flowered even until early October. Therefore, an overlapping 
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flowering period of four months, from early June to early October, was achieved for the 
supply of nectar and pollen for honey bees. By growing these honey plants, beekeepers do 
not need to feed honey bees with syrup, but could harvest an increased yield of honey in 
the summer months. 
None of the honey plants provided nectar and pollen for honey bees for the entire 
summer. But this experiment showed that a summer-long nectar and pollen support 
system for honey bees could be established by growing several honey plants in the field, a 
so called fixed-land honey production system. By this method, beekeepers could maintain 
a larger number of honey bee hives and reduce the risk of bee-kill by pesticides applied on 
most agricultural lands. 
Ayers et al. (1987) reported that anise hyssop and catnip would form the backbone 
of many fixed-land honey production systems because of their attractiveness to honey bees 
and long periods of flowering. However, there is little information available about the 
cultivation of these two honey plants. To achieve a maximum return from planting the 
two bee forage crops, the field cultural practices should achieve the highest flower 
number, and the longest nectar and pollen supply period for honey bees. To obtain this 
goal, field experiments were conducted in the spring of 1995 for the best planting 
arrangements for anise hyssop and catnip. 
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B. Effects of Plant Spacing on Anise Hyssop and Catnip Development 
1. Leaf Coverage and Light Interception 
a. Anise Hyssop 
The leaf coverage measurement in anise hyssop was started from June 23 to August 
28 and lasted 66 days. The plant canopy closure occurred at different times for different 
plant spacing treatments (Table 1). Canopy closure occurred earlier in narrow spacing 
treatments (12.5 cm in-row and 25 cm row spacing), was delayed in the middle spacing 
treatments (37.5 cm in-row and 50 cm row spacing), and was not complete in the widest 
row spacing treatments (75 cm) during the entire growing season. 
Anise hyssop started flowering in early July, about two months after transplanting. 
At that time, canopy closure was almost complete in the plots of 25 cm row spacing, 
about 66-80% in the plots of 50 cm row spacing, but only about 42-63% in the plots of 75 
cm row spacing. For the same row spacing treatments, increasing row spacing resulted a 
decrease in canopy closure (Figure 3). Canopy closure was greatly delayed in 75 cm row 
spacing treatments. 
Anise hyssop is an indeterminate plant. The continuing vegetative growth extended 
the leaf coverage and increased the plant canopy throughout the growing season. By the 
time of peak flowering, in late July, the canopy approached near complete closure in the 
plots of 50 cm row spacing, but covered only about 85% of the soil surface in the plots of 
75 cm row spacing (Figure 4). Thus, in terms of the land use efficiency, 75 cm row 
spacing was not a suitable planting arrangement for growing anise hyssop. 
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Mayer et al. (1982) planted anise hyssop for honey bees, and reported that one acre 
of anise hyssop could yield 2,500 to 3,125 pounds of honey. But in that experiment, the 
plant spacing was 107 cm by 46 cm, far wider than in the present study. Such plant 
spacings left a great part of land uncovered by anise hyssop canopy. If plant spacing had 
been narrowed, then honey production would have increased greatly because of the 
increase in the number of flowers. 
A sufficient length of time for the vegetative growth before flowering was very 
important for a plant to build enough carbohydrate resource for its reproductive growth 
and yield. But early canopy closure would prevent the plants from achieving full 
developments, and would not be favorable for extending its carbohydrate production. In 
25 cm row spacing plots, canopy completely closed only about two months after 
transplanting (Table 1). In these plots, as anise hyssop plant continued to grow, the upper 
branches and leaves occupied all of the space and shadowed the bottom branches and 
leaves, resulting in their deterioration and death because of no space and light available for 
growth. As a result, only branches at the upper positions produced inflorescence (Figure 
7). Such a planting arrangement resulted in a smaller plant and a shortened flowering 
period, and affected bee foraging (Figure 7, Figure 21). Therefore, 25 cm plant spacing 
was not the best plant spacing arrangement for anise hyssop growing. 
Meanwhile in the plots of 75 cm row spacing, the canopy never completely closed 
during the whole growing season. A wide row spacing with incomplete canopy closure 
might provide space for weeds to grow. Herbert et al. (1995) reported that weeds would 
compete for nutrients, space, light, and water with anise hyssop plants, resulting in smaller 
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plants with fewer flowers. In their study anise hyssop inflorescence number in 
uncontrolled weed plots was only 8% of that in plots where weeds were controlled. In 
order to achieve the greatest return from planting anise hyssop, weed control would be 
necessary before plants became fully established in the field. 
The plant spacing of 50 cm seemed a suitable field cultural practice with a moderate 
canopy closure time (Table 1). Since no herbicides have EPA approval use for anise 
hyssop, a row spacing of 50 cm might better facilitate mechanical weed control. The 75 
cm row spacing might necessitate repeated cultivation because of delayed canopy closure. 
Closer in-row spacings benefited earlier canopy closure (Table 1). Canopy closure 
for in-row spacing treatments had big differences at early flowering time (Figure 3), but 
there was little difference at the time of peak flowering (Figure 4). 
Anise hyssop canopy light interception varied with different plant spacing (Table 2). 
Light interception by canopy was increased as in-row and row spacing decreased. By the 
beginning of flowering, in early July, light absorbed by leaves was near complete in 25 cm 
row spacing plots except 84% in 25 cm x 37.5 cm plots, about 56-80% in 50 cm row 
spacing treatments, but only 35-44% in 75 cm row spacing plots, especially in the middle 
of the row which was under 7%. The continuing vegetative growth increased the plant 
canopy. By the peak flowering time, light was fully intercepted by the canopy in 25 cm 
and 50 cm row spacing plots, but was still incomplete in 75 cm row spacing plots, 
especially in 75 cm x 37.5 cm plot. 
The light interception by plant canopy is directly related to carbohydrate production 
and therefore honey yield. The efficient use of land should ensure the maximum 
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absorption of light by the plant canopy during the growing season. The lower light 
interception in 75 cm row spacing plots suggested that the plant population was not 
sufficient for higher land cover and plant growth. 
b. Catnip 
Growth rate of catnip plants was faster than that of anise hyssop. After 
transplanting, catnip branches and leaves covered the plant spacing of 30 cm in 50 days, 
45 cm in 60 days, 60 cm in 70 days, and 90 cm in 80 days, respectively, but did not cover 
135 cm plant spacing by the end of growing season (Table 3). At the early flowering time, 
canopy closure was complete in the plots of 45 cm x 30 cm and 45 cm x 60 cm, but 
delayed in all other plots, especially in 135 cm row spacing treatments, where canopy 
closure was only about 43-60 % (Figure 5). Similarly, canopy closure was delayed as 
in-row spacing increased. Catnip is an indeterminate plant. Because of its rapid early 
growth, by the time of peak flowering stage, in the middle of July, the canopy near 
completely closed in 90 cm row spacing plots, and only 80% coverage in 135 cm row 
spacing plots (Figure 6). Although catnip continued the vegetative growth throughout the 
season, the branches and leaves never completely covered the 135 cm row space in the 
field (Table 3). Therefore, 135 cm row spacing was not the best arrangement for catnip 
due to its low land use efficiency. 
Like anise hyssop, catnip also needed enough time for the vegetative growth to 
accumulate carbohydrate resource. The 45 cm plant spacing provided a limited space for 
the catnip plants to grow during the growing season and resulted in the smaller plants 
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(Figure 10). However, in the 90 cm plant spacing treatments, the plant fully developed 
due to canopy closure within 80 days after transplanting. Thus, the 90 cm row spacing 
was the best plant spacing. Like in anise hyssop plots, mechanical weed control was 
needed in catnip plots before the plants fully established. 
Light interception by catnip canopy was measured three times during the growing 
season: at the beginning of flowering, the beginning of peak flowering and the peak 
flowering (Table 4). The light intercepted by the canopy increased as the plants continued 
to grow, and as in-row or row spacing decreased. By the early flowering time, the light 
interception by canopy was almost complete in the 45 cm row spacing plots except in 45 
cm x 90 cm plot, but was less than 65% in 90 cm and 135 cm row spacing plots, especially 
in the middle of the row which was less than 5%. When the plants reached the peak 
flowering stage, the light absorption by the canopy also exceeded 80% in all 90 cm and 
135 cm row spacing plots except in the measuring plot 135 cm x 90 cm. But it was still as 
low as 10-40% in the middle of the row in the widest row spacing plots. Even in the 
middle of the peak flowering period, light absorption was still incomplete in widest row 
spacing treatments (Table 4). 
Full light interception by canopy was necessary for maximum production of the 
land. Accumulated light interception by canopy for the row spacing of 135 cm was very 
low because of delayed canopy closure. Therefore, the row spacing of 135 cm was less 
productive for growing catnip as forage for honey bees. 
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Table 1. Anise hyssop leaf coverage (%) 
Date of Plant Spacing (cm) 
Measurement In-row Spacing 
Row Spacing 
12.5 25 37.5 25 50 75 
May 3 0 0 0 0 0 0 
June 23 100 89.3 66.7 90.0 52.3 34.3 
June 27 100 94.4 71.6 91.0 58.4 38.7 
June 30 100 97.8 77.6 95.9 66.6 45.0 
July 3 100 99.4 84.2 99.1 71.5 51.3 
July 6 100 100 87.7 100 76.1 56.2 
July 10 100 100 92.7 100 81.6 62.2 
July 13 100 100 96.2 100 85.6 69.0 
July 17 100 100 100 100 92.4 73.8 
July 21 100 100 100 100 93.7 80.6 
July 24 100 100 100 100 95.2 83.1 
August 3 100 100 100 100 100 92.8 
August 25 100 100 100 100 100 96.6 
August 28 100 100 100 100 100 98.0 
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Table 2. Light interception measurement for anise hyssop 
Date of 
Measurement 
Plant Spacing (cm) Measurement Locations 
row spacing in-row spacing near stem 
(%) 
middle of row 
(%) 
between 
rows (%) 
July 3 25 12.5 99.7 99.7 99.7 
25 99.0 97.9 98.6 
37.5 86.9 70.6 83.8 
50 12.5 99.1 59.5 79.8 
25 97.6 53.2 63.0 
37.5 84.6 51.1 56.1 
75 12.5 98.4 7.0 43.6 
25 97.8 5.8 40.7 
37.5 84.9 4.7 34.8 
August 8 25 12.5 99.7 99.6 99.1 
25 99.5 99.6 99.4 
37.5 99.6 99.7 99.7 
50 12.5 98.9 99.5 99.6 
25 99.6 99.4 99.7 
37.5 99.6 99.2 99.5 
75 12.5 99.2 97.7 98.4 
25 99.6 95.0 95.4 
37.5 98.1 87.7 88.9 
Note: 
Light interception = (1 - light intensity under canopy / light intensity over canopy )xl00% 
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Table 3. Catnip leaf coverage (%) 
Date of Plant Spacing (cm) 
Measurement In-row Spacing Row Spacing 
30 60 90 45 90 135 
May 3 0 0 0 0 0 0 
June 23 100 62.2 44.7 83.6 47.7 34.0 
June 27 100 66.2 51.6 90.6 54.5 37.2 
June 30 100 82.4 62.9 99.2 62.9 44.3 
July 3 100 91.0 70.8 100 71.4 49.7 
July 6 100 95.4 77.7 100 79.4 58.1 
July 10 100 99.4 86.9 100 88.0 68.7 
July 13 100 100 90.2 100 91.7 74.2 
July 17 100 100 95.8 100 96.9 84.4 
July 21 100 100 99.2 100 98.6 91.2 
July 24 100 100 100 100 100 94.9 
August 25 100 100 100 100 100 96.9 
August 28 100 100 100 100 100 98.0 
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Table 4. Light interception measurement for catnip 
Date of 
Measurement 
Plant Spacing (cm) Measurement Ixjcations 
row spacing in-row spacing near stem ( % ) mid- row (% ) between row(%) 
July 3 45 30 99.5 96.5 96.7 
60 95.6 92.9 94.0 
90 72.7 45.3 57.7 
90 30 99.6 18.3 63.0 
60 84.0 3.8 41.4 
90 68.3 1.3 32.0 
135 30 99.5 3.9 46.1 
60 89.9 3.0 39.3 
90 68.2 2.8 18.1 
July 19 45 30 99.9 99.8 99.8 
60 99.1 99.3 99.6 
90 99.0 97.6 97.1 
90 30 99.8 97.9 99.4 
60 98.0 72.4 83.7 
90 95.4 71.4 82.8 
135 30 99.8 37.7 88.0 
60 99.4 31.8 81.6 
90 90.2 10.7 45.2 
August 8 45 30 99.6 99.8 99.7 
60 99.3 99.7 99.6 
90 99.3 99.0 99.4 
90 30 99.3 99.7 99.5 
60 99.0 95.7 98.8 
90 99.3 94.4 98.6 
135 30 99.8 93.5 98.0 
60 99.3 84.2 96.0 
90 98.6 36.2 83.3 
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2. Plant Size and Biomass 
a. Anise Hyssop 
Anise hyssop plant size was significantly affected by the plant spacing (Figure 7 ). 
Plant size increased significantly as the plant spacing became wider. The plants in the 25 
cm row spacing plots were smaller and taller, and only a few branches from the lower 
plant positions survived and developed inflorescence. But they were larger and shorter in 
the plots of 50 cm and 75 cm row spacing, and developed many branches at upper and 
basal main-axis node positions which developed inflorescence. 
For the individual plant in the 25 cm row spacing plots, especially in the plot of 25 
cm x 12.5 cm, the very earlier canopy closure left no space available for plants to develop 
horizontally. The upper branches kept growing all the time, left no space available for the 
branches from the bottom to grow, and as a result they deteriorated and died during the 
growing season. Thus, the narrow plant spacing resulted a taller and smaller plant size 
(Figure 7, Table 5). 
Crowding of plants in the narrow spacing plots on average resulted in taller plants. 
The plants in the plots of 12.5 cm in-row spacing were about 102 cm high, significant 
higher than plants in the plots of 25 cm, and 37.5 cm in-row spacing. But there were no 
significant differences in plant heights as row spacing increased from 25 cm to 75 cm 
(Table 5). 
Plant dry weight was significantly affected by plant spacing, varying from 25 g/plant 
at the closest spacing to 160 g/plant at the widest spacing (Figure 8). Plant dry weight in 
all 12.5 cm in-row spacing plots was less than 50 g/plant, and did not significantly differ 
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though the row spacing increased from 25 cm to 75 cm. This indicated that the 12.5 cm 
in-row spacing resulted in inter-plant competition that prevented an increase in plant size, 
though row spacing tripled from 25 cm to 75 cm. With wider in-row spacing plant 
biomass increased greatly with increasing row spacing. 
However, the plant spacing had no statistically significant effect on the plant dry 
weight on a square meter basis (Figure 9). There was a trend toward greater biomass 
accumulation at closer spacings, about 850 g/m2, however, random variation precluded 
significance. 
b. Catnip 
Catnip plant size was affected by the plant spacing. For the same in-row spacing, 
the plant size increased greatly as row spacing widened (Figure 10). Like anise hyssop, 
catnip is also indeterminate and could produce branches and subbranches from all plant 
positions if space available. Plants in the 45 cm row spacing plots had fewer branches and 
were taller than plants in the 90 cm and 135 cm row spacing plots because of the 
limitation of growing space (Figure 10, Table 6). With the wider spacing, 90 cm and 135 
cm row spacing with 60 cm in-row spacing, branches developed from all plant main-axis 
nodes and each produced other subbranches with terminal inflorescence. 
Catnip plant heights were significantly affected by the plant spacing, from 116 cm in 
the narrowest spacing plot to 78 cm in widest spacing plot (Table 6). The plant heights 
were significantly shortened from 106 cm to 85 cm as in-row spacing widened from 
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30 cm to 90 cm. Similar results were for the 45 cm and 135 cm row spacing treatments, 
but no statistical differences among the 90 cm and 135 cm row spacing treatments. 
Catnip plant dry weight was significantly affected by the planting spacing, varying 
from 80 g/plant at the closest spacing to 800 g/plant at the widest spacing (Figure 11). As 
row or in-row spacing increased, plant dry weight increased almost proportionally. For 30 
cm in-row spacing treatments, the plant dry weights were all less than 350 g/plant even 
though the row spacing reached 135 cm. Similar results were gained for 45 cm row 
spacing treatments. The maximum biomass accumulation was in the 135 cm x 90 cm 
spacing, but this was not significantly greater than that of 90 cm x 90 cm spacing. On a 
square meter area, the plant dry weight for the 90 cm x 90 cm planting spacing was 
highest, about 830 g/m2, though not significantly greater than other treatments except the 
30 cm x 90 cm spacing (Figure 12). 
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Figure 7. Anise hyssop plant size at peak flowering in three row spacing 
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Table 5. Anise hyssop plant heights with treatments 
Plant 12.5 cm 25 cm 37.5 cm Average Signif. 
Spacing Height 
Height Signif. Height Signif. Height Signif. 
(cm) 
(cm) (cm) (cm) 
(cm) 
25 104.7 a 93.7 be 91.7 be 96.7 ns 
50 100.0 ab 92.0 be 92.3 be 94.7 ns 
75 99.7 ab 93.7 be 84.7 c 92.7 ns 
Average 101.5 a 93.1 b 89.6 b 
Note: The different letter size indicated the different statistical analysis and comparison. 
Table 6. Catnip plant heights with treatments 
Plant 
Spacing 
(cm) 
30 cm 60 cm 90 cm Average 
Height 
(cm) 
Signif. 
Height 
(cm) 
Signif. Height 
(cm) 
Signif. Height 
(cm) 
Sgnif. 
45 116.3 a 106.0 b 96.0 d 106.1 a 
90 103.0 be 84.3 e 81.3 ef 89.6 b 
135 97.7 cd 86.0 e 77.7 f 87.1 b 
Average 105.7 a 92.1 b 85.0 c 
Note: The different letter size indicated the different statistical analysis and comparison. 
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3. Inflorescence and Flower Number 
a. Anise Hyssop 
Plant spacing significantly affected the inflorescence numbers of anise hyssop 
among (Table 7). As row spacing increased from 25 cm to 50 cm, and then to 75 cm, the 
inflorescence number per plant significantly increased from 33 to 58, and then to 78. 
Similar results were obtained for in-row spacing treatments when averaged across row 
spacing. 
Plant spacing greatly affected the inflorescence number and distribution of 
inflorescence arising from main-axis branches (Figure 13). Anise hyssop had an alternate 
branching structure. Given space, each branch could develop secondary branches, which 
at low densities continued to produce subsecondary subbranches (Figure 7). Each of these 
branches and subbranches had the potential to produce a terminal inflorescence when it 
received enough space and light to develop. Some plant branches or subbranches 
developed, but were unproductive because they did not develop inflorescence. Increasing 
plant spacing significantly increased the inflorescence number arising from lower node 
positions, where many subbranches and secondary subbranches developed into terminal 
inflorescence, but had a less effect on the upper node positions. The greatest effect was 
on the lower branch positions from node 1 to 4, where inflorescence number varied from 
5.6 to 64 per plant. The differences were also significant for the middle node positions 
from node 5 to 8, where the inflorescence number varied from 4.6 to 32 per plant. But at 
the upper node positions, there were no significant differences in the number of 
inflorescence (Figure 13, Table 7). 
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Anise hyssop inflorescence contained many small flowers. A significant linear 
regression relationship (R2=0.8165) was established between the length of the 
inflorescence and its flower number, where flower number y = -202.76 + 154.55 *x, x 
represented inflorescence length in centimeter (Figure 14). 
Total flower number of anise hyssop was calculated from total inflorescence length 
per plant with the regression equation. Table 8 summarized the flower number per plant 
and per square meter. 
Anise hyssop flower number was also significantly affected by plant spacing. As 
row spacing and in-row spacing widened, flower number per plant significantly increased 
from 15,000 for the closest spacing to 95,000 for widest spacing (Figure 15, Table 8). 
However, the flower number per square meter did not differ significantly among 
treatments (Figure 16). There were approximately 400,000 anise hyssop flowers in every 
square meter for honey bees to forage during the flowering period. 
In the plots of closer row spacing, most inflorescence were arising from the upper 
node positions and main branches, but a few inflorescence were from subbranches and 
secondary subbranches (Table 7, Figure 7). The flowers on these inflorescence were more 
similar in developmental stage, and thus the flowering period was reduced. However, in 
the wider planting spacing, inflorescence were present from branches, subbranches and 
secondary subbranches at all plant positions. Thus, flowers had a great diversity in 
developmental stages and bloomed in a longer period. Wider spacing might therefore be 
more suited for effective collection of pollen and nectar by honey bees due to a longer 
duration of flowering. 
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b. Catnip 
The length of catnip inflorescence, unlike that of anise hyssop, varied significantly, 
and it was very difficult to estimate the flower number by using the inflorescence length. 
Therefore, catnip flower number was related to the inflorescence dry weight. A significant 
(R2= 0.9772) linear regression relationship was determined as flower number y = 128.4 + 
436.1 * x, x represented inflorescence dry weight in grams (Figure 17). 
Plant spacing significantly affected catnip inflorescence dry weights and thus flower 
numbers (Table 9). Flower number per plant significantly increased as plant spacing 
widened, varied from less than 10,000 for the closest spacing to more than 120,000 for the 
widest spacing (Figure 18). However, the treatment of 90 cm x 90 cm had about 140,000 
flowers per square meter, a number significantly greater than that of all other treatments 
while all other spacing combinations remained no significant differences (Figure 19). 
Therefore, the plant spacing of 90 cm x 90 cm yielded the largest number of flowers. 
For growing forage crops for honey bees, the final goal of field cultural practices 
should be the achievement of the highest flower number. With the highest biomass and 
flower number, the plant spacing of 90 cm x 90 cm was the best planting arrangement for 
catnip cultivation as a bee forage crop. 
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Table 8. Anise hyssop plant inflorescence number and length 
and flower number 
Spacing 
(cm) 
Inflorescence Flower Number 
row in-row number length per plant significance per 
sqmeter 
significance 
25 12.5 17.9 97.9 1.49xl04 g 4.7x10s ns 
25 30.5 170.8 2.62x10“ fg 4.2x10s ns 
37.5 52.9 268.8 4.13x10“ c d 4.4x10s ns 
50 12.5 34.5 189.2 2.90x10“ e f 4.6x10s ns 
25 62.3 335.9 5.17x10“ c 4.2xl05 ns 
37.5 78.1 454.1 7.04x104 b 3.7xl05 ns 
75 12.5 47.8 262.4 4.04x10“ d e 4.3x10s ns 
25 76.6 429.5 6.62x10“ b 3.5x10s ns 
37.5 110.4 618.2 9.53x10“ a 3.4x10s ns 
Note: The flower numbers (y) were obtained from the equation of y = -202.76 +154.55x 
where x was the length of inflorescence. The significance was in 5% level. 
The different letter size indicated the different statistical analysis and comparison. 
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Figure 17. The regression equation of catnip flower number 
with inflorescence dry weight 
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Table 9. Catnip plant inflorescence dry weight and flower number 
Spacings 
(cm) 
Inflorescence Flower Number 
row in-row dry wt 
(g) 
significanc per 
plant 
significance per 
sqmeter 
significance 
45 30 22.01 e 9727 e 7.21xl04 b 
60 60.08 c d e 26327 c d e 9.74xl04 b 
90 91.97 c d 40235 c d 9.86xl04 b 
90 30 40.78 d e 17913 d e 6.63xl04 b 
60 113.37 c 49567 c 9.17x 104 b 
90 252.34 a 110610 a 1.36xl05 a 
135 30 88.00 c d 38504 c d 9.43xl04 b 
60 185.13 b 80861 b 9.95xl04 b 
90 276.82 a 120850 a 9.91xl04 b 
Note: The flower numbers ( y) were obtained from the equation of y = 128.4 + 436. lx 
where x was the length of inflorescence. The significance was in 5% level 
The different letter size indicated the different statistical analysis and comparison. 
51 
F
lo
w
er
 N
u
m
b
er
 
1.2e+5 -I 
1.0e+5 
8.0e+4 
6.0e+4 — 
4.0e+4 - 
2.0e+4 - 
0.0e+0 
In-row Spacing 
45 cm 90 cm 135 cm 
Row Spacing 
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52 
F
lo
w
er
 N
u
m
b
er
 /
 M
 CM 
1.6e+5 
1.4e+5 
1.2e+5 - 
1 .Oe+5 
8.0e+4 - 
6.0e+4 — 
4.0e+4 
b b 
45 cm 
a 
90 cm 
In-row Spacing 
fl 30 cm 
] 60 cm 
90 cm 
b b 
135 cm 
Row Spacing 
Figure 19. Catnip flower number per square meter 
53 
4. Number of Visiting Bees 
a. Anise Hyssop 
Anise hyssop was heavily visited by honey bees during the flowering period. On the 
basis of a two-hour period at midday, the average number of visiting bees in the plots of 
50 cm row spacing was 38 bees/m2, slightly greater than the number in 25 cm row spacing 
plots, 37 bees/m2, but larger than the number in 75 cm row spacing plots, 34 bees/m2. 
However, there were no significant differences among all the treatments (Table 10). The 
visiting bee pattern was bell shaped (Figure 20), increasing as anise hyssop entering into 
the peak flowering period and dropping during the late flowering season. Peak visiting 
was in mid-August with about 45 bees in a square meter area during the middle of the day. 
However, for the different row spacing treatments, the visiting bee patterns were 
different (Figure 21). The visiting pattern of 75 cm row spacing was flatter than that of 
other two treatments. The date of peak visiting of 75 cm row spacing treatments was 
delayed until late August, where the closer rows had peak visiting in mid-August. Bee 
visits were concentrated in early and middle August, but sharply decreased in late August 
in the plots of 25 cm and 50 cm row spacing, and were concentrated in late August in the 
plots of 75 cm row spacing. These results were consistent with the flowering patterns of 
treatments. In the 75 cm row spacing treatments, the flowers were from inflorescence 
from all the plant node positions, especially from the bottom nodes (Table 7). The 
blooming pattern of these flowers was evenly distributed for entire flowering period. 
However, in the 25 cm row spacing treatments, the most flowers were from the main 
inflorescence especially on upper plant positions (Figure 13). These flowers were more 
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likely to have the same developmental stage of flowering, thus the flowering was 
concentrated in a narrower span than that of 75 cm row spacing treatments. For 50 cm 
row spacing treatments, the results were somewhat midway between the other two 
treatments. The visiting bees were affected by the flowering patterns. Therefore, as a 
result, in late August, there were about 21 bees/m2 in 75 cm row spacing plots, especially 
32 bees/m2 in 75 cm x 37.5 cm plot; 16 bees/m2 in 50 cm row spacing plots; but only 7 
bees/m2 in 25 cm row spacing plots (Table 10). 
These results indicated that planting arrangements affected honey bee foraging and 
potential honey yield. The best planting arrangements should ensure the largest number of 
visiting bees, evenly distributed during the flowering period so that the honey bees could 
collect the maximum quantity of nectar and pollen from the forage crops during the 
growing season. The bee visitation results (Table 10) suggested that the planting spacing 
of 50 cm x 37.5 cm achieved the highest number of visiting bees, averaging 39 honey bees 
in a square meter area. 
It is difficult to estimate exactly how many honey bee colonies could be maintained 
for an acre of anise hyssop. Mayers (1982) reported that one acre of anise hyssop could 
support 20-25 colonies of honey bee with the plant spacing of 107 cm x 46 cm, and 
yielded 2,500-3,125 lbs honey per acre. Terry (1872) stated that an acre of anise hyssop 
could support 100 colonies. But they did not report how many anise hyssop flowers and 
visiting bees in a square meter area of land and how they determined these numbers. But 
with the closer plant spacing in this study, probably an acre spaced at 50 cm x 37.5 cm 
could support a larger number of honey bee hives and produce more honey. 
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b. Catnip 
Plant spacing of catnip had no significant effects on the numbers of bee visitation 
The average was 21 bees/m2 (Table 11). The visiting pattern to catnip was very different 
from that of anise hyssop. There were two peak visiting times during the peak flowering 
period, one in the middle July, and another in late August (Figure 20). 
The visiting bee pattern to a honey plant species is affected by both the honey bee 
colonies present in the field and the honey plant species flowering pattern. These two 
factors contributed to the catnip two-peak bee visiting pattern. Catnip started flowering in 
late June and peaked in the mid-July. At that time, of all eight honey plant species present 
in the field, only wood figwort and the unattractive blue globe thistle were in peak 
flowering (Figure 1). Thus most honey bees from the twelve honey bee hives set in the 
field were working on these three peak flowering species, especially catnip. Therefore, the 
first peak visiting period to catnip was in middle July. From late July, however, all other 
species were in full flowering. The honey bees were visiting on all eight forage species. 
This diversity in flowering time reallocated honey bees in the field plots and reduced the 
number of visiting bees to catnip. As a result, the visiting bee patten to catnip dropped in 
late July and early August. However, in late August, only catnip and anise hyssop were 
still in full bloom, and the other six species were at the end of flowering season. Since 
honey bees foraged less on the senescent flowers of the other six honey plant species, they 
came more to catnip and made the second peak visiting period in late August. The two 
peak visiting patten also indicated that the honey bee colonies in the field should be 
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increased so that all nectar and pollen produced by the forage crops were collected by 
honey bees. 
Anise hyssop attracted more honey bees than catnip, and over all about 36 honey 
bees in a square meter area were observed at any given time during peak flowering time, 
while catnip had 21 honey bees/m2 (Figure 20). These differences were potentially due to 
the differences in flower number, which was about 400,000 flowers/m2 for anise hyssop 
and about 140,000 flowers/m2 for catnip. So there were approximately 360,000 honey 
bees working on anise hyssop flowers at any given time during peak flowering period in a 
hectare of land. For catnip, that number was about 75 % of anise hyssop. 
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Table 10. Visiting bees to anise hyssop in a square meter area 
during peak flowering period 
Observ. Planting Spacing ( cm ) X 
Date 25 
X 50 X 75 X 
12.5 25 37.5 12.5 25 37.5 12.5 25 37.5 
July 21 18 34 20 24 16 22 24 21 17 31 14 21 22 
July 26 44 34 34 37 34 30 46 37 33 24 22 26 33 
July 28 38 32 28 33 38 17 44 33 24 28 32 28 35 
July 31 54 45 43 47 50 52 50 51 37 33 41 37 45 
Aug. 2 43 37 40 40 43 41 42 42 32 30 28 30 37 
Aug. 9 43 35 43 40 43 44 38 42 41 41 39 40 41 
Aug. 11 44 42 45 44 45 40 37 41 47 37 33 39 41 
Aug. 14 56 43 49 49 46 41 50 46 42 48 46 45 47 
Aug. 16 50 49 49 49 49 51 54 51 49 51 50 50 50 
Aug. 18 45 46 47 46 41 41 47 43 51 44 43 46 45 
Aug. 22 20 23 22 22 16 23 27 22 27 29 31 29 24 
Aug. 28 5 8 7 7 13 21 14 16 11 19 32 21 14 
Average 38 36 36 37 36 38 39 38 34 35 34 34 36 
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Figure 20. Visiting bees to anise hyssop and catnip 
during peak flowering period 
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Table 11. Visiting bees to catnip in a square meter area 
during peak flowering period 
Observation Plant Spacing ( cm ) X 
Date 45 90 135 
30 60 90 30 60 90 30 60 90 
July 21 29 36 27 31 27 27 30 23 13 27 
July 26 30 28 25 23 22 17 25 17 14 22 
July 28 18 19 24 20 26 22 23 16 18 21 
July 31 14 18 19 14 21 21 21 15 17 18 
August 2 16 14 24 22 19 18 18 16 17 18 
August 9 14 11 16 16 19 15 16 15 16 15 
August 11 13 14 19 20 20 19 20 17 19 18 
August 14 19 19 23 20 20 24 22 21 22 21 
August 16 24 23 26 26 25 24 31 32 25 26 
August 18 20 23 29 23 21 29 28 26 26 25 
August 22 23 19 25 21 22 20 16 28 28 22 
August 28 20 16 24 19 13 24 21 21 16 19 
Average 20 20 23 21 21 22 23 21 19 21 
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Sugar Content of Anise Hyssop and Catnip Flower 
A mixture of sucrose, fructose, and glucose in a 5:3:2 proportion was used to 
develop the standard curve for sugar content measurements (Percival, 1962). The 
functional relationship was light absorption (optical density) = -0.01848 + 8.8338 x 10'3 x 
sugar concentration (ug/ml), R2 = 0.9931 (Figure 22). 
The sugar content of anise hyssop and catnip flower increased as the stages of 
flowering advanced (Figure 23). Catnip flowers contained more sugar than anise hyssop 
flowers. Flower buds contained little sugar, but sugar content increased sharply from the 
bud stage to the flower stage. 
Under the provention of cheese cloth from honey bees and other insects visiting, 
open flowers accumulated about 300 ug/flower of sugar for catnip, and 166 ug/flower of 
sugar for anise hyssop. Therefore, for catnip in plant spacing of 90 cm x 90 cm, for each 
day open flowers produced estimated about 408 kg/ha of sugar. For anise hyssop this was 
614 kg/ha and 697 kg/ha of sugar, in 50 cm x 37.5 cm and 50 cm x 25 cm plant spacings 
respectively. The moisture of honey is usually 18% by weight (Wroblewska, et al. 1993). 
Therefore, with a flowering period of 2 to 3 days for each flower, the estimated honey 
yield was about 995-1,493 kg/ha for catnip, about 1,498- 2,246 kg/ha and 1,700- 2,550 
kg/ha for anise hyssop in 50 cm x 37.5 cm and 50 cm x 25 cm plant spacings respectively. 
The higher amount of sugar per square meter for anise hyssop may contribute to more 
honey bees visiting anise hyssop than catnip (Figure 20). Mayer, et al. (1982) reported 
that a acre of anise hyssop could yield 2,500-3,125 lbs honey, but they did not state how 
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many anise hyssop flowers in a square meter area and how much sugar anise hyssop 
flower contained in the plant spacing of 107 cm x 46 cm. 
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Figure 22. Standard curve of sugar concentration with 
light absorption 
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Stages of Flower Development 
Figure 23. Anise hyssop and catnip flower sugar content 
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CHAPTER IV 
CONCLUSION 
Beekeeping has been greatly affected by the changes in agricultural practices in the 
last decades. Reduction in agricultural land and extensive use of herbicides have resulted 
in decrease in nectar producing bee forage. The shortage of native nectar producing plant 
populations has been one of the chief barriers to beekeeping industry for last decades. The 
only effective resolution to this problem might be growing the honey plants as bee forage 
for safe and quantitative bee foraging. 
A season long nectar and pollen supply system for honey bees during the summer 
months could be established by growing several honey plant species, such as wood 
figwort, mountain mint, catnip and anise hyssop. These plants have different flowering 
times and durations and constitute an overlapping flowering pattern, which could supply 
the nectar and pollen supporting for honey bees for the entire summer. Growing honey 
plants for honey bees could be the best way for beekeepers to maintain their business and 
get benefits from it. This would counteract the shortage of bee forage and bee-kill risk 
from the application of insecticides and herbicides. 
Anise hyssop was a wonderful honey plant and was very attractive to honey bees. 
It flowered from early July to late September. There were about 400,000 flowers in a 
square meter of land, and about 36 honey bees foraging anise hyssop in a square meter 
area during the peak flowering period. There were no significant differences in the 
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biomass and flower number in anise hyssop among all the plant spacing arrangements, a 
density varying from 32 to 3.6 plants per square meter. The treatment of 50 cm row 
spacing with 37.5 cm in-row spacing was the recommended plant spacing for anise hyssop 
considering land use efficiency, ease of weed control, and visiting bee number. Since 
weeds could significantly reduce the anise hyssop inflorescence and flower number, 
mechanical weed control might be necessary before the plants fully established in the field. 
Furthermore, as anise hyssop did not resist drought, some kind of field irrigation would be 
necessary to protect the crop from dry weather if it lasted more than a week. 
Catnip was a promising honey plant. It flowered over three months during summer, 
and attracted many honey bees. There were about 21 honey bees foraging catnip flowers 
in a square meter area during the peak flowering time. The planting spacing of 90 cm x 90 
cm resulted in maximum flower number and biomass (about 136,000 flowers and 830 g 
dry matter per square meter). The 90 cm x 90 cm plant spacing was the best planting 
arrangement. Like in anise hyssop, mechanical weed control might be necessary before 
full establishment of catnip in the field. 
Catnip flower contained more sugar, about 300 ug/flower of sugar, than anise 
hyssop flower, about 166 ug/flower of sugar. But Anise hyssop yielded higher honey 
production in the unit area than catnip. The estimated honey yield was about 1,500-2,500 
kg/ha for anise hyssop and 1,000-1,500 kg/ha for catnip. Therefore, growing anise hyssop 
could maintain more honey bee hives than growing catnip. 
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